Purpose While there are numerous anatomic contributors to patellar instability, the role of patella alta has been traditionally under-appreciated. The goal of this systematic review is to identify the described techniques for treating patella alta in skeletally mature patients with episodic patellar dislocation (EPD) and review their published results. Methods A comprehensive literature review was performed to identify published surgical techniques and their results. Tibial tubercle distalization is the primary described treatment for patellar alta in patients with EPD, and five studies reporting results of this procedure were reviewed. Results Tibial tubercle distalization was generally successful in normalizing patellar height and preventing recurrent patellar dislocation. Physical examination tests for instability such as patellar apprehension remained positive in 15 to 33 % of patients. Patient-reported outcomes were rarely reported and difficult to interpret given the lack of pre-operative values or comparison groups. Conclusion Tibial tubercle distalization is an effective technique for correction of patellar height and preventing recurrent patellar dislocations. More comparative studies are required to evaluate patient-reported outcomes of this technique, the effect of an associated tubercle medialization, and the results of supplementing distalization with procedures such as MPFL reconstruction. Level of evidence Systematic review of case series, Level IV.
Introduction
Numerous anatomic factors have been shown to contribute to episodic patellar dislocation (EPD), including injury to the medial patellofemoral ligament (MPFL) [10] , trochlear dysplasia [6, 7] , increased tibial tubercle-trochlear groove (TT-TG) distance [9] , and patella alta [8, 18, 20, 25] . Traditionally, an under-appreciated contributor to patellar instability, patella alta (defined as a Caton-Deschamps index [1.2) , has been noted to be present in 24 % of patients with EPD but in only 3 % of normal controls [7] . Perhaps more importantly, patella alta has been shown to be a strong predictor of recurrent instability in patients with EPD following conservative treatment [14] or treatment with isolated MPFL reconstruction [23] .
The reason for the association between patella alta and EPD is not entirely clear and is likely multifactorial. Patella alta has been shown to cause decreased contact between the patella and trochlea [15, 22, 24] , contributing to decreased resistance to lateral translation of the patella in these patients [21, 25] . Increased patellar tendon length itself may be the culprit, with increased length allowing a pathologic increase in coronal plane motion of the patella [18] . One study identified increased patellar tendon length ([52 mm) rather than a ''too proximal'' position of the tibial tubercle in patients with patella alta and EPD [18] .
Despite the large role patella alta may have in the development and recurrence of patellar instability, there has been relatively little published in regard to its treatment. The goal of this systematic review is to identify the described techniques for treating patella alta in skeletally mature patients with EPD and review their published results. Specifically, we will focus on (1) restoration of normal patellar height, (2) recurrence of EPD, and (3) patient-reported outcome scores.
Materials and methods

Literature review
A comprehensive literature review was undertaken to identify clinical series reporting results of surgical treatment of patients with EPD in the setting of patella alta. Studies were excluded if they were basic science studies without clinical data, animal studies, purely imaging studies, studies related to patellofemoral pain rather than dislocation, or studies related to the treatment for patellofemoral osteoarthritis or treatment with arthroplasty.
A MEDLINE literature search performed to identify all publications from 1 January 1966 through 1 October 2012 containing the term ''patella alta'' yielded 192 results. The title and abstract of these publications were reviewed by a single author, and 158 were excluded, including review articles without original data (17) , basic science papers (4), imaging studies (31), animal studies (6) , studies related to patellofemoral pain (7), osteoarthritis (3), and arthroplasty (6), as well as 83 articles unrelated to patella alta. Full-text copies of the remaining 34 articles were obtained and reviewed. Twenty-six articles were excluded because they were not focused on operative treatment for patella alta (14) , reported on a mixed population of patients without separating out those with patella alta (8), or were review articles (4) . Of the remaining eight articles, one was noted to be a duplicate publication in English [5] of an article previously published in French [4] . The original French version was used for this review. Two articles that described treatment for patellar alta in skeletally immature patients were also excluded [1, 2] , yielding a total of five articles utilized in this review [4, 16, 17, 19, 20] .
A search of additional databases was undertaken to ensure that no other potentially informative studies were missed. A search for ''patella alta'' was undertaken in CINAHL, the Cochrane Library, and Scopus. These searches identified no additional studies meeting inclusion and exclusion criteria for this review. Finally, a review of the references of each included study was undertaken, and no other potential studies were identified for inclusion.
Data extraction
A templated literature review form was utilized to assist in data collection. Extracted data included patient demographics, surgical treatment utilized, pre-operative and post-operative patellar height measurements and patellar tendon lengths, pre-operative and post-operative patientreported outcome scores, the incidence of recurrent patellar dislocation following treatment, and the incidence of patellofemoral osteoarthritis at final follow-up. Two authors extracted the data independently, and discrepancies were resolved by consensus.
Results
Surgical techniques
The primary described technique for addressing patella alta in skeletally mature patients is tibial tubercle distalization with or without patellar tendon tenodesis. Tibial tubercle distalization involves the performance of an osteotomy of the tibial tubercle, distalization of the tubercle, and reattachment of the tubercle to the tibia with screws, effectively lowering the patellar height [4, 16, 17, 19, 20] . A concurrent medialization of the tubercle is also frequently performed if the TT-TG distance is increased. One can consider tenodesing the patellar tendon into the initial location of the tibial tubercle to effectively shorten the patellar tendon as well [17] . Other associated procedures were frequently performed in association with tubercle osteotomy in the patients in these series, including advancement of the vastus medialis (three studies) and more recently reconstruction of the medial patellofemoral ligament (one study). Decreasing patellar height through advancement of the patellar tendon insertion has also been described in the paediatric population; however, this review focuses on treatment options in skeletally mature patients [2] .
Outcomes
There are five published series of tibial tubercle distalization for recurrent patellar instability currently in the literature [4, 16, 17, 19, 20] . The studies were retrospective and included between 15 and 80 knees. Combined, the studies include 203 knees in 168 patients. Mean follow-up ranged from 4.5 to 9.6 years, with follow-up rates above 80 % when reported (Table 1) .
Radiographic evaluation of patellar height and patellofemoral osteoarthritis
The five studies each focused on patients with patellar alta as determined with either the Caton-Deschamps index [3] or the Insall-Salvati ratio [13] (Table 2 ). All five studies demonstrated that tibial tubercle distalization is an effective means of normalizing patellar height (Table 3) . Several cases of over-correction to an index of \1.0 were reported in each series; however, no patients were reported below the defined threshold for patella infera in these series. Radiographic evidence of patellofemoral osteoarthritis was noted in \15 % of patients at follow-up, while the incidence of patellofemoral osteoarthritis at the time of surgery was not generally reported.
Recurrent dislocation and persistent patellar apprehension
Each of the five studies reported very low risk of recurrent patellar dislocation (range 0-4.9 %; overall risk 1.75 %). Each of the three studies that reported the incidence of patellar apprehension at final follow-up noted it to be significantly higher than the risk of recurrent dislocation. Apprehension was noted in 15 to 33 % of patients in each series (overall risk 26.3 %) ( Table 4) .
Patient-reported outcome scores
Only three studies included patient-reported outcome score at final follow-up. Mayer et al. [17] reported a mean subjective IKDC score of 75.6, while Marteau et al. [16] noted KOOS subscores that ranged from 70 to 97 (Table 4) . Prtisch reported Lysholm scores in the good to excellent range in 72.5 % of patients [19] . Unfortunately, no studies reported pre-operative scores for comparison.
Complications
Reported complications in the studies in this series include tibial tubercle nonunion (0.6 %), proximal tibia fracture (0.6 %), infection (1.2 %), phlebitis (0.6 %), and deep vein thrombosis (0.6 %).
Discussion
This review assesses contemporary treatment options for and results of treatment for patella alta in skeletally mature patients with EPD. Patients undergoing treatment for EPD should undergo a careful assessment of their anatomy with attention to all predisposing factors for dislocation as has been described in detail by Dejour et al. [7] . Those with significant patella alta (defined by a Caton et al. index [1.2 [3] ) should be considered for tibial tubercle distalization as a part of their treatment plan. It is important to note that tibial tubercle distalization is not indicated to restore patellar stability in the absence of patellar alta and could result in symptomatic patella infera. The studies demonstrate that tibial tubercle distalization reliably normalizes patellar height as determined by the Caton-Deschamps index or Insall-Salvati ratio, but does have potential to result in overcorrection and mild patella infera. It should be noted that as classically defined, the Insall-Salvati ratio is the distance from the tip of the patellar to the tibial tubercle divided by the length of the patella. Distalization of the tibial tubercle should therefore not change this measurement. This limitation of the InsallSalvati ratio is not mentioned in these studies; however, the post-operative values they report must represent a modification of the Insall-Salvati ratio, likely reflecting the initial position of the tubercle rather than its distalized position. The Caton-Deschamps index is not subject to such limitations, and we recommend its use in assessing patellar height when tibial tubercle distalization is considered.
Risk of recurrent patellar dislocation is low; however, subtle persistent patellar instability is much more common, as evidenced by a positive patellar apprehension test. The relatively high risk of persistent feelings of instability may be influenced by the choice of proximal soft tissue procedure at the time of surgery. MPFL reconstruction using standard techniques was not typically performed. Instead, either no concomitant soft tissue procedure or an advancement of the vastus medialis obliquus muscle was performed [11, 12] . The impact of soft tissue management on outcome is not certain, but it may contribute to the relatively high rate of persistent patellar apprehension noted in the studies in this review.
Clinical outcome measures were only reported in three of the studies. Good clinical results are possible, but persistent symptoms were reported in the majority of patients. Whether these symptoms stem from persistent feelings of instability without dislocation or the effects of the early osteoarthritis noted in several of the papers is unknown. Unfortunately, the timing of patients' development of osteoarthritis is unknown.
There are several limitations in this review. As with all systematic reviews, the conclusions are limited by the available data. Heterogeneity in the patient populations and treatment techniques between studies and the use of different outcome measures preclude pooling of the data. Further, none of the included studies feature control groups or comparison groups to other treatments, nor do any of them report pre-operative patient-reported outcome scores or radiographs for comparison with the post-operative NR not reported findings. In spite of these limitations, the available data demonstrate tibial tubercle distalization to be an effective tool for correction of patellar height and preventing recurrent patellar dislocation.
Conclusion
Tibial tubercle distalization is an effective technique for correction of patellar height and preventing recurrent patellar dislocations. More comparative studies are required to evaluate patient-reported outcomes of this technique, the effect of an associated tubercle medialization, and the results of supplementing distalization with procedures such as MPFL reconstruction.
